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1 . Title of Invention (please print clearly): CAD information in DMS and other application 



2. Inventors-Names only-(please print dearly and provide complete information at Section 9.^ 
YouvalNehmadi 

Please use separate attaclunents for any answers lluil dun'l fit un the foini, especially for questions 3-8. If the 
answer to a question is "NONE", please write "NONE" rather than leaving the answer blank. 



3. Earliest dates and model names of all Applied products incorporating the invention which have been 
offered for sale or are expected to be ofH^^ fot sale: 



INVENTION ALERT FORM 



If the invention has been demonstrated or described to persons other than Applied employees, for each 
disclosure please provide the earliest date, name of company, a brief description of what was disclosed and 
the purpose of the disclosure. Attach a copy of any related .non-disclosure agreements: 



If future disclosures like those in Question #4 are expected to occur within the next 12 months, please 




Describe any other known designs or processes, whether actually implemented or merely proposed in a 
publication, which could be considered similar to your invention or which constitute the state-of-the-art 
improved upon by your invention: If described in a publication, attach a copy of same or provide a 
citation. 
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7. ' List each feature ofthe invention which you consider novel and non-obvious. Describe the advantages of 

each novel feature in comparison with the state-of-the-ait ^proaches which are most similar to your invention: 

This document describes some ideas rdated to: 
Using of CAD information in DMS svstem and in PDC tools 
SEM electrical f aUures ropen\shoi 
r real wafers 

8. Describe the invention, preferably with reference to attached drawings: 
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1 General 

1.1 Preface 

This document describes some ideas related to: 

• Usiag of CAD infonnation in DMS 

• SEM electrical failures (openNshort) detection 

• RealVision for real wafers (Production wafers) 



1.2 References 

[1] DSI 

1 .3 Terms and abbreviations 



ADC - Automatic Defect Classification, done by SEM Vision during wafer review 

ADR - Automatic Defect Review, done by SEM Vision during wafer review 

API - Automatic process inspection 

Compass - Wafer inspection tool, developed in PDC 

SEM Vision - Automatic Defect Review tool, developed in PDC 

YMS - Yield Managemait System 

DMS -Defect Management System 

E-test -Electrical Tests 

CAD - Computer added design 

1.4 Revision History 

Version Date Description 



Youval Nehamdi 



2 Introduction 

TBD 
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3 Inspection tools 

3.1 Auto select notch direction 

Selecting automatically the best notch (Up/Down/Left/Right) direction for inspection can be done using 
CAD information. Using the CAD info we can calculate the conducting lines' directions and the die length 
and width. By knowing the direction of the Imes and the die length and width we can calculate best notch 
direction for inspection on the Compass. The notch direction is a compromise between two variables: 

• Lines direction: In order to minimize saturation we would like to insert the wafer so that most of 
the lines in the wafer will be parallel to the laser beam scanning direction. 

• Die length and width: To achieve the best throughput it is b^ter to insert die wafer so that the long 
size of the die will be parallel to the laser beam scanning direction. 

3.2 Auto CLC mask 



3.2.1 Automatic tuning CLC mask 

The CLC mask increases the detector sensitivity by masking the constructed interference locations. The 
constructed interference is built by the reflection of rq)etitive patterns (lines, via, etc.) located on the wafer, 
Using the CAD the main wafer fiequencies (generated by flie wafer lines, via, etc.) are calculated. Knowing 
the wafer frequencies we calculate die constructed interference locations. Those locations are the regions 
that should be blocked by the CLC mask. 



Automatic analysis of the CLC using the CAD may define a new scanning strategy, a scanning with 
differait CLC masks for the difi^ient wafer/die regions (logic, bare^ memoty, periphe^ etc.). Using for 
each region die appropriate CLC mask (can be done by inspecting die wafo few times each time for a 
different region) will inorease die sensitivity of die detectors. 

3.3 Auto define different regions 

3.3.1 Automatic tuning regions 

Different regions (logic, bare, memory, periphery etc.) in die wafer reflect the Ught differently. As a result 
of that die inspection saisitivily (beam energy, deteaors sensitivity, etc.) should be different for different 
regions. Using the CAD information we can automatically define dififCTent regions and eliminate diis step 
fiom the inspection tools tuning procedure. 



Automatic analjrsis of the different regions using the CAD may define a new scanning strategy, a scanning 
widi more dian two different regions. Using for eadi region appropriate imaging characteristic (beam 
energy, d^ectors sensitivity, etc.) will ino^e die sensitivity. 



3.2.2 New CLC scanning strategy 



3.3.2 New scanning strategy 



3.4 Classiffcation 

The CAD can help in making classification in the Compass. 
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g^lhance OTF classification 

Combining the detectois data with tbe pattern direction around the defect will change the classification 
procedure and will increase die accuracy of the OTF classification. Exanqjles: 

• Knowing the pattern direction and the increase of intensity in certain detectors can be taken into 
account. 

• Knowing diat the defect is located near a pattern increases its likelihood to be a pattern defect 

• Knowing that the defect is located in a bme region deo-eases its likelihood to be a pattern defect. 

Find Killer defects 

Using the CAD and the defect location we can detect killer defects. Knowing defect characteristics (size, 
location, etc.) and the pattern characteristic (density, width, etc.) we can estimate the defect's likelihood to 
make shorts/opens and detect killer defects. 
Example: 

A memory die is separated into periphery and memory cells zones. In the memory cells zone there is a 
redundancy, so defects which connect two lines will not necessary be killers; while in the periphery each 
defect that connect/disconnect a line is a killer. Using the CAD we can: 

• Know whether the defect lies in the periphay or not 

• Estimate (using also the defect size, intCTisity, etc.) the defert's likelihood to make shorts/opens. 
By using the above and oflier defect and pattern characteristic we can detect killer defects. 

Ubeling accQrding f? r?gipn? 

Defect region labeling according to the defect's (logic, bare, memoiy, peripheiy etc.) location can be done 
using the CAD information. This enables better sampling fer review and enhances the correlations, etc. 

3.5 Global Alignment 

• Automatically define Global Alignment targets by CAD. 

3.6 Other 

• Analysis that will define which Compass recipe to use. Analyzing the CAD we can indicate the 
recipe type (predefine recipe). 

• Define scanning strategy. 

• Knowing the CAD info can eliminate regions that are not iQq)ortant. 
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4 SEM 



4.1 SEM Electrical failures (open\short) detection 



4.1.1 Short/open on very large regions 

This application can detect electrical Mures (lines short/open) oa veiy lar^ regions (it nuy be ^plicable 
for memory even without CAD infonnation). 

Using the CAD information we can create a smart recipe fi>r Mure analysis using SEM voltage contrast 
capabilities. This recipe will define: 

• Charging points (ChrP): regions in which we charge die pattern. 

• Inspection points (InsP): regions that should be inspected in order find if there was a short/open. 
The inspection will be done by charging in a certain location (ChrP) and do inspection on another location 
(InsP) that is far fi-om the charged one. According to the CAD we can know if the inspection regions should 
be charged or not. Using the InsP and ChrP we will be able to detect: 

• Open: If the InsP and ChrP are connected by pattran we expect that by charging the ChrP the InsP 
will be also charged. If the InsP is not charged there is an open. The open analysis can be done 
when the InsP and ChrP are far firom each other to enable large area inspection. 

• Short: If the InsP and ChrP are not connected by pattmi we expect that by charging the ChrP the 
InsP will not be diarged. If die InsP is charged there is a short between InsP and ChrP. The short 
analysis by definition detects all possible regions fiar short between InsP and ChrP. To enable large 
area inspection we should locate InsP and ChrP diat have a large area that can have a short. 









(OiP) 




npedKnpoint 



(CM) 



4.1.2 Tgcan for real wafer 



T Scan for real wafer - Using the CAD to plan T Scan test for real wa£sr. 



4.2 Non-reference ADR 

By using the CAD information a "reference image" can be produced. The ADR (ADR that will be based on 
edges) can use this image to make a non-reference ADR. Non-reference ADR will provide better SEM 
Vision throughput (approximately 150% faster). 



OTF Setup Configurations 



Page 6 of 9 



PDC 

PSW KPU 



i-oww ffvru APPLIED MATERIALS® 

4.3 Automatically create API recipe 



Automatically create recipe for API by analyzing the CAD and discovering regions diat are in higher 
likelihood to be defected (end of lines, close via, small via, line close to border, line dose to line, etc.) or 
regions where a defect is likely to be killer (the periphery r^on m memory, very dense regions in logic, 
etc.). Those regions are automatically selected to be in an API recipe. 



Different regions (logic, bare, memory, periphery etc.) in flie die have difiFerent levels of significance 
depending on the role they have (example: the periphecy in memory dies is more important than the 
memory itself since the memory has redundancy and the periphery not). Different regions also vary in their 
probability to have shorts or opens (example: dense regions are more likely to have short). Because of the 
above it is important to sample according to the defect location region. 

Using the CAD enable us to sample according to a region on the die. 



Eliminate the segmeatation step in ADC tuning procedure using CAD infinmation. 

4.5.2 Classification 

Can help in ADC. 

4.5.3 E-testfailMr^tQAPIr^gipQ 

See: DMS, Find the E-test &ilures location, chapto- 7.4, page 8 



5 CD 

5.1 Automatically create CD recipe 



6 RealVision 

6.1 Mask auto analysis for the real vision 

Analyzing the CAD files we can calculate the process characteristic (via space, via width line pitch, line 
width, etc.), statistics of the product to be produced. Using the process characteristic statistic we can 
automatically design DOE (Design of Experiment) and give the ouQ)Ut CAD information for the mask and 
the parameters for real vision and the tester. 

6.2 Real vision for real wafers 

Connect a real die on certain lines to pads and use the tester to check the die, when the wafer is cut those 
connections will be isolated. The CAD information will be used in order to know which E-test to make (it 
can be done also without CAD). 



4.4 Defect sampling 



4.5 Other 



4.5.1 Segmentation auto tuning 
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7.1 View CAD with images 

7.1.1 On TRIX 

See the CAD info combined with defect images in the DSI view. This can be done for SEM images, optic 
images, defect maps. Bitmaps, Binmap, etc. 

7.1.2 On other tools 

Enable to see CAD infonnation combined with defect images on a&ta tools (SEM Vision and Conq)ass, 
etc.). This can be done by getting the image location, creating a CAD map around ftis location, and sending 
it to die tool. 

7.2 Defect sampling 

See: SEM, Defect sampling, lch^>ter 4.4, page 7. 

7.3 Classification and idller defect detection 

7.3.1 Enhance classification 

Use Compass SEM CAD results to provide better classification. 

7.3.2 Killer defect detection 

Different regions (logic, bare, memory, periphery etc.) in die die have dif^ent tendencies to be killers 
depending on die role they have (example: defects in the periphoy in memory dies have hig^ likelihood 
to be kill^ dian die memory itself since the memory has redundancy and die peripheiy not). Different 
regions also vary m dieir probability to have shorts or opens (exanqile: dense regions are more likely to 
have short). 

Killer detection analysis will calculate the defect's likelihood to be a killer by using die defect's size and 
other parameters and as well die location on die CAD files. 



7.4 Find the E-test feilures location 
7.4.1 Correlate defect with E-test failures 

Knowing the electrical test Mure we can find die defect's location (along a line or in a certain point) using 
CAD mformation (We can do it also for logic). This enables us to correlate electrical tests (Binmap, 
Bitmaps) to inspection results. This can help to find the defect causing the electrical feiluie. 



7.4.2 Ayitp gr^gte API recipe from E-test failures 

This application can be used in order to build automatically an API recipe that will inspect the region 
causing die elecbical feilures. lliis recipe can be used during a period when diis specific electrical feilure 
happens. 
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7.5 Other 

• Predict yield knowing the inspection results and the location on the die (if tibe defects are in a 
dense area it is taore likefy tbat the defect is a killa-). 

• Yield prediction by using correlation betwem E-test, Defect density, CAD, ADC Classification 
OTP, etc. 
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Gaila Bailey 

Please e-male me when you got this invention alert 
Youval nehmadi(g).amat.com 

Thanks 

Youval Nehmadi 
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1 General 
1.1 Preface 




1.2 References 

[IJDSI 

1.3 Terms and abbreviations 

ADC 
ADR 
API 



SEM Vision 

YMS 

DMS 



- Automatic Defect Classification, done by SEM Vision during wafer « 

- Wafer inspection tool, developed in PDC 

- Automatic Defect Review tool, developed in PDC 

- Yield Management System 



- Electrical tests 

- Computer added design 



1.4 Revision History 

^Version Date 



Youval Nehmadi 



2 Introduction 

d^Ltri^titrSi'oS^^^^^^^ ^*«,^-fit Of the PDC tools. This 

according to their priority. applications in each tool-eaefe are listed 
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For certain regions on the chip it is very important that they will be matched (for example: matched 
transistors in differential amplifiers). Using the design information we can locate those regions and make an 
application that will check whether die regions on the wafer are matching. 

5 SEM 

5.1 Charge & view application 

5.1.1 Short/open on very large regions 

It is a charge and view application (see Appendix) that is based on SEM Vision's voltage contrast 
capabilities. Using CAD information the "natural test structures" (regions that can be inspected by charge 
and view application, for example: parallel metal and poly line in memory, bus in logic) are detected and a 
recipe specifying the charging point and the view points is defined. This recipe is able to run on the SEM 
Vision and to detect short/open on very large regions in a short time. 

In the new technology large regions in the die caii be defined as "natural test structures" (for example: 128 
bus and momoiy). Using this application those regions can be inspected for short/open Mures in a very 
fast and effective way. 

5.2 Automatically create API recipe 

Automatically create recipe for API by analyzing Ae CAD and discovering regions that are in higher 
likelihood to be defected (end of lines, close via, small via, line close to border, line close to line, etc.) or 
regions where a defect is likely to be killer (the periphery region in memory, very dense regions in logic, 
etc.). Those regions are automatically selected to be in an API recipe. 

5.3 Define regions for Ceil2Cell (or image 2 online image database) 

Define automatically regions that are applicable to SEM Vision's Cell2cell application. Those regions will 
be defined according to dieir maximum repetitive period length. The maximum repetitive period length 
should define the field of view that the reference images should cover. Later each defect image would be 
compared to those reference images. 

5.4 Specimen current 

A specimen current is an important measurement that can be done on the SEM Vision (or in stand alone 
tools). One of the major problems in this application is that it is difficult to know what is the expected 
specimen current. Using the CAD information we can know in advance the expected specimen current. 

Using the CAD information the recipe con be created automatically. This recipe will define the proper 
location for measurement and the required current. Such a recipe will be localizing the most important 
measurements' sights by using predefined knowledge and the 3D wafer structure. 

5.5 Additional 

• Segmentation auto timing » Eliminate the segmentation step in ADC tunuig procedure using CAD 
information. 

• Classification - Can help in ADC. 

• Non-reference ADR - By using the CAD information a "reference image" can be produced. The 
ADR (ADR that will be based on edges) can use this image to make a non-reference ADR. Non- 
reftaeuce ADR will provide belter SEM Vision throughput (approximately 150% faster). 
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6 RT 



6.1 RT sites by layout & design 



This application selects the RT sites using a combination of layout (e.g. dense area) and design (e.g. critical 
path for device timing). 

6.1.1 Metrology 

Pre-define set of measurement sites, base on pre-defined rules. Examples are High-MEEF locations, 
Critical features where critical might be defined as performance-based cases (for example: location diat is 
critical for the transistor timing) or mannfacturing-base cases (for example: location that is susceptible for 
CD problem). 



Pre-defmed locations/areas that will serve as an input for the following sub-applications: 

• Full plate uniformity mapping (LBM style but concentrate on critical features) 

• Less/More critical regions that should be treated differently either at inspection time and/or later at 
post processing time 

• Fab application - set of locations that can serve as a base for a PWT (Piocess Window Trends) 



6.2 RT Match verification 

For certain regions on the chip it is very important that they will be matched (for example: matched 
transistors in differential amplifiers). Usiag the design information we can locate those regions and make an 
application that will check whether the regions on the virafer are matching. 



6.1.2 Inspection 



tool. 
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7 TRIX 



7.1 View CAD with images 



7.1.1 On TRIX 



See the CAD info combined with defect images in the DSI view. This can be done for SEM unages, optic 
images, defect maps. Bitmaps, Binm^, etc. 

7.1.2 On Other tools 

It enables viewing CAD information combined with defect images on other tools (SEM Vision and 
Inspection tool, etc.). This can be done by getting the image location, creating a CAD map around this 
location, and sending it to the tool. 

7.2 Classification and Iciiler defect detection 

7.2.1 Enhance classification 

Use Inspection tool SEM CAD results to provide better classification. 

7.2.2 Killer defect detection 

Different regions (logic, bare, memory, periphery etc.) in the die have different levels of significance and 
different tendencies to be killers depending on the role they have (for example: defects in the peripheiy m 
memory dies have higher likelihood to be killers than the memory itself smce the memory has redundancy 
and the periphery not). Different regions also vary in their probability to have shorts or opens (for example; 
dense regions are more likely to have shorts). 

Killer detection analysis will calculate the defect's likelihood to be a killer, by using the defect's size the 
location on the CAD files and as well other parameters. 



From the same reasonmg as mention above (in killer defect detection) it is important to sample accordmg to 
the defect location zone. 



7.2.3 Defect sampling 
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7.3.1 Correlate defect with E-test failures 

Kjiowing the electrical test feilure we can find the defect's location (along a line or in a certain pomt) using 
CAD information (we can do it also for logic). This enables us to correlate electrical tests (Binmap, 
Bitmaps) to inspection results. This can help to find the defect causmg the electrical failure. 

7.3.2 Auto create API recipe from E-test failures 

This application can be used in order to build automatically an API recipe that will inspect the region 
causing the electrical &ilures. This recipe can be used during a period when this specific electrical fiulure 
happens. 

7.4 Additional 

• Predict yield knowmg the inspection results and the location on the die (if the defects are in a 
dense area it is more likely that the defect is a killer). 

• Yield prediction by using correlation between E-test, defect density, CAD, ADC Classification, 
OTF, etc. 

8 Process tools 

8.1 Selecting Etch recipe 

Reticle transmission data is the percent chrome on the reticle. This affects the amount of residual 
resist that is left on the wafer. The amount of resist on the wafer has a small but measurable 
impact on photo CDs. This contribution could be modeled by feed-forward CD algorithms. The 
amount of resist on the wafer also has a small but measurable impact on etch operations. For 
high transmission reticles, the loading in the etch is higher and this can lead to problems. We 
continually run into incomplete etch at pad mask, the etch for the top layer passivation, due to 
high transmission reticles on small chips. This has lead to wafer scrap at the last process step. 
The problem was bad enough for us to develop a manual solution. 

There are already sources of reticle transmission data, so this is not a new approach. 
Stepper/scanners can read the reticle transmission. What may be missing is a way of 
systematically using this infomiation. We used a manual system of assigning a different etch 
recipe. A short, regular or long etch recipe was used for the low, regular of high transission 
reticles for pad masic etch. We wanted to apply this to gate CD control as well but etch was 
reluctant to write the software or to have too many manual systems in place. If DBM managed 
this it may be a small contribution to the total package. 



9 Real Vision 

9.1 Mask auto analysis for the real vision 

Analyzing the CAD files we can calculate the process characteristics (via space, via width line pitch, Ime 
width, etc.), statistics of Uie product to be produced. Using tlie process characteristic statistics we can 
automatically design DOE pesign of Experunent) and give the output CAD information for the mask and 
the parameters for Real Vision and the tester. 
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9.2 Real Vision for real wafers 

Connect a real die on certain lines to pads and use the tester to check the die, when the wafer is cut those 
connections will be isolated. The CAD information will be used in order to know which E-test to make (it 
can be done also without CAD). 
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10 Appendix A: SEM Electrical failures (openVshort) detection 
10.1 Short/open on very large regions 

This plication can detect electrical failures (lines short/open) on very large regions (it may be applicable 
for memory even without CAD information). 

Using the CAD information we can create a smart recipe for failure analysis using SEM voltage contrast 
capabilities. This recipe will define: 

• Charging points (ChrP): regions in which we charge the pattern. 

• Inspection points (InsP): regions that should be inspected in order find if there was a short/open. 
The inspection will be done by charging in a certain location (ChrP) and doing inspection on another 
location (InsP) that is far from the charged one. According to the CAD we can know if the inspection 
regions should be charged or not. Using the InsP and ChrP we will be able to detect: 

• Open: If the InsP and ChrP are connected by pattern we expect that by charging the ChrP the InsP 
will be also charged. If the InsP is not charged there is an open. The open analysis can be done 
when the InsP and ChrP are fer from each other to enable large area inspection. 

• Short: If the InsP and ChrP are not connected by pattern we expect that by charging the ChrP the 
InsP will not be charged. If the InsP is charged fliere is a short between InsP and ChrP. The short 
analysis by defmition detects all possible regions for short between InsP and ChrP. To enable large 
area inspection we should locate InsP and ChrP that have a large area where a short may appear. 




Rant 




Oagi^gRart 
(Ch-P> 



To illustrate the application "SEM Electrical failures (open\short) detection" the APT recipe for 
MI recipe in memory can look as follows (See Figure 2): 

1 . Go to the die's right side 

2. Charge each second line 

3. Go to the die's left side 

4. Check that every second line is charged. If not keep the suspected short/open location (the 
defect location should be along the metal line) 

5. Repeat 1-4 until all the die is scanned 
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and/or manually segment the wafer or 
musk to regions. Those regions will be 
used to simplified the inspection tools 
tuning 


Use the CAD in onjerto automatically 
and/or manually segment the wafer or 
mask to regions that have the same 
periodicity. Those regions will be used to 
enable automatically creation of recipe 
for ceil to cell (or golden image) 
applications 


Use the CAD in order to build a die to 
database comparison for wafers or 
masks 


Generate and send to the tools 
alignment targets (locations and images 
generated from the CAD) and product 
information (the location and sizes of the 
die and field) 


Use the CAD in order segment the wafer 
or mask to regions that have the same 
criticality (Criticality - describes the 
likelihood of different defects sizes to 
connect the features located on the 
wafer or mask). 






Combining the detectors' data with the 
pattern direction around the defect will 
change the classification procedure 




Simplified optical inspection tuning, 
Optimize optica inspection multi-tuning. 
Optimize CLC 


SV TPT {C2C areas, die to database), 
maybe EBI TPT as well 
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wafer 


Automatic generation of die sizes, 
selection of alignment targets 




Assign killer index to each defect based 1 
on functional effect on chip 1 


Sample review defect according to 1 
region on chip | 


It will increase the OTF accuracy 


Use long periodic structures (e.g. word 
lines, data buses) as built-in test 
structures for shorts/opens 


Segment the die according to 
periodic, random areas and 
other characteristics, extract 
period, direction and other 
characteristics 


Segment the die according to 
C2C period 


Die to Database defect 


detection 


Product Information 


Region Criticality, Use in: 
defect OTF, ADC 


Killer Defect Identification | 


Defect labeling and sampling 
for Review 


Enhance OTF classification 


Identify embedded test 
structures 
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Examples: 

Reticle transmission data for Etch recipe 
selection 

CMP process selection using layer 
densities 

Etch recipe selection using layer 
densities 


Selecting automatically the best notch 
(Up/Down/Left/Right) direction for 
inspection, it can be done using CAD 
information 


Such a recipe will be localizing the most 
important measurement sights by using 
predefined knowledge and the 3D wafer 
structure 




Predict yield knowing the inspection 
results and the location on the die 


Using the process characteristic 
statistics we can automatically design 
DOE (Design of Experiment) 


When the wafer is cut those connections 
will be isolated 


Save time in creating and selecting the 
recipe. Win. mistake in recipe 


Save time in creating recipe. Enable to 
build better recipe 


Using tl-.e CAD a recipe can be created 
automatically with the proper location 
for measurement and the required 
current 


Eliminate the segmentation step in ADC 
tuning procedure using CAD 
information 


Yield prediction 1 


Automatically from the product CAD 
generate the output CAD information for 
a DOE test structure mask and the 
parameters for the tester 


Monitor a product die by connecting a 
product die on certain lines to pads and 
use the tester to check the die 


Using design information to 
select Automatically Process 
tool recipe 


Auto select scanning 
direction 


Find sights for Specimen 
Current measurement 


Segmentation auto tuning 


CAD to Predict yield 1 


CAD auto analysis for DOE 
test structures 


DOE on product wafer 
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EDA to Process Monitoring Data Transfer 
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1 General 

1.1 Preface 

Applied Materials' Process Diagnostics and Control Product Group is developing a 
software application that will allow Metrology, Inspection and Process Monitoring 
machines to access information from IC design tools. This document provides an 
overview of a Software Interface Architecture that will facilitate the transfer of data 
from EDA software tools to Applied's E?q)edite System, acting as a mediator and 
dispatcher for in-line monitoring at the fab. 

This document is provided for general guidance and as a request for comments. 

1 .2 Terms and abbreviations 

ADR - Automatic Defect Review 

API - Automatic Process Inspection 

CAD . - Computer Aided Design 

EDA - Electronic Design Automation 

FOV -Field Of View 

LL - Lower Left 

LR - Lower Right 



UR 
UL 



Upper Right 
Upper Left 



1.3 Revision History 



Version Date 



Description 



2 



1 




Youval Nehmadi 



Youval Nehmadi, Ariel Ben-Porath 
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2 Introduction 

2.1 Background & Motivation 

In a silicon fabrication facility ("fab"), each blank silicon wafer undergoes hundreds of 
processing steps, among them the photolithographic printing of each layer using reticles 
(or "masks") as templates. Wafer processing machines ("process tools") perform the 
various processes, such as deposition, lithography, etching and chemical- mechanical- 
polishing (CMP). In addition to process tools, a wide array of metrology, inspection and 
review machines ("metrology tools") are utilized to continuously monitor the processes, 
detect out-of-control conditions and optimize yields. Various control loops are built 
around metrology tools in order to maintain productivity and guarantee profitabihty. The 
investment of capital and resources for process monitoring is significant in any fab, and 
growing rapidly with newer processes and smaller design rules, such as current 90nm 
Copper interconnect ICs. 

In the design of integrated circuits, a multitude of software tools are employed for design 
and verification at various stages, from system through circuit to physical layout. At the 
very end of the design phase, the integrated circuit exists as a set of instructions for the 
fabrication of a set of reticles. These reticles, in tum, will be used in the manufacturing 
of the silicon wafars containing the IC. 

The interface between IC design and IC manufacturing has received much attention in 
recent years. The software interface described below addresses one particular aspect of 
that inter&ce - the optimization of process monitoring and metrology according to the 
product design, physical layout and ilmctional specifications. 

3 Architecture 
3.1 Definitions 

Reticle-Set - The specific set of reticles used for the production of a wafer. A reticle 
set is defined as the set of Mask Oto Mask where Mask 0 is the first to be 
transferred to the wafer, and. Mas* iV is the last. 

Product - The product is dehned as synonym to a reticle-set. This is a fab's 
definition of a product, since it defines the actual output of the manufacturing process. 
Note that a product defined this way typically contains several instances of the same 
IC, and may even contain different ICs. Also, the product typically contains 
structures not associated with the IC, alignment targets and blank areas for dicing 
(scribe lines). 

Field, MasknSet - These are also synonyms to Reticle-Set. 
EDA to Process Monitoring Data Transfer Page 4 of 21 
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Mask- A single mask, corresponding to a single patterning step. 
Reticle - Synonym to Mask. 

Die - A single integrated circuit, appearing once or more on the product. The data 
structure associated with a die encapsulates the diagnostic ioformation related to that 
particular IC. Typically, a product will contain several instances of a die. In the case 
of a shared reticle, the product will contain several dies, each appearing one or more 
times. 

Non-Die - An area containing structures that lie outside any die in a product. The 
data associated with a nonrdie is identical to the data associated with a die, and the 
definition is provided to facilitate the separation between actual functional ICs and 
various added structures between the dies (in the "scribe hues"). 

Target - A specific structure in a mask that is designed for aligning coordinate 
systems in various processmg steps 

Special Structure - A structure located on a die or on a non-die that is designed for a 
specific purpose during manufacturing, such as electrically testable structures, 
exposure-focus matrices etc. 

Region - A set of rectangles within the die (or noitdie) that share some 
characteristics as outlined in this document. 

Site - A set of point locations on a particular Mask that are designated by the designer 
or EDA tool for a specific measurement during production (e.g. measurement of 
critical dimensions). 

Metrology - We use the term metrology as a general acronym for various process 
mouitoriug and uicasurernenl activities. F.xaniples are: critical dimension metrology, 
thickness metrology, optical defect inspection, electron beam wafer inspection, defect 
review, etch slope monitoring, and more. 



3.2 General Requirements 

1) The architecture will enable the aggregation of all data items related to a 
particular product in a single data structure that can be transferred to the fab by 
electronic, magnetic or electro-optic media. We call this structure the Product 
Diagnostic Profile (PDP). 

2) I'hc data structure will be based on XML, to facilitate portabihty and enhance the 
ease of interfacing 
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3) The architecture will allow different EDA tools, used in the process of designing a 
single product, to append information to the PDP. The architecture will define 
the required synchronization (e.g. usage of a single coordinate system), the 
allowed discrepancies, and will recommend conflict-resolution guidelines. 

4) The PDP will support shared-reticles, i.e. reticles containing different dies. 
Moreover, the PDP will support distributed design, so that different dies may be 
designed by different groups & tools, and combined mto the reticle by yet another 
group. To support this, the PDP will possess a hierarchical structure. 

5) The PDP will contain information that is directly applicable to process metrology 
tools for a variety of existing and potential applications 

6) The PDP will provide user customization for sub-types of data items. 

Discussion: 

The general requirements above are driven by a vision in which information that is 
applicable to product monitoring, is incrementally extracted from different EDA 
tools, and appended to a single data structure. If multiple dies are combined into a 
single product (a shared reticle-set), the structures are combined. Eventually, the 
result is a single data structure, encoded on some media, which is attached to the set 
of reticles that are delivered to the fab for fabrication. The approach is to minimize 
centralization and the need for different EDA tools to communicate with each other. 
Each tool can append to the data structure at any time, until the data is transferred to 
the fab. Some global agreement between EDA tools is required, for example on 
coordinate systems and the transformation linking them to each other. 

3.3 Overall architecture 

The data structure is organized in a straightforward hierarchy that reflects the 
organization of a product into dies and non-dies, and the organij^ation of each of those 
into mask levels. Beyond the masks, the data is organized into four categories that 
are derived from a process metrology view of the product. These categories are 
Targets, Special Structures, Regions and Sites. The motivation and guidelines for 
this partition are as follows: 

Targets - These are structures used for precise alignment of wafers in metrology tools 
(as well as other process tools, such as steppers and scanners). They are not related to 
a particular metrology appUcation. 

Special Structures - These are structures, typically (but not necessarily) in non-dies, 
that are inserted for specific ftinctions related to the manufacturing process. 
Examples arc electrically or otliei-wise piobe-able lest stiuclures, focus-exposure 
matrices, CMP characterizatbn test structures, OPC characterization structures. 
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Regions - These are relatively large die (or nottdie) areas that share some 
geometrical or functional qualities that can be utilized by metrology tools to optimize 
productivity, sensitivity, throughput or quality of information. 

Sites - These are specific locations (i.e. X,Y coordinates) where specific 
measurements and/or requirements are made by the designers. They can reflect 
fimctional, manufacturability or other aspects, and provide designers with a direct Unk 
to process monitoring, allowing them to specify what are the critical locations for 
measurement and the acceptable tolerances. 

Figure lis a graphical overview of the architecture. Note that the structure of a die 
and non-die is identical, and the distinction between them is for clarity only. As 
described above, a product typically has multiple instances of a die. These instances 
will be specified in fields contained with the product, and are not related to the 
multiple dies showing in the figure. The multiple dies showing in the figure (namely, 
die 2 to die n) will only exist in a shared reticle-set, where multiple ICs are 
manufactured on the same product. 



Figure 1 - Schematic View of tiie Product Diagnostic Profile (PDP) data structure. 
Sec text fur details. 
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3.4 Coordinate systems 

3.4.1 Space & Type 

All coordinates aie in a two-dimensional space and specified using Cartesian X,Y pairs. 
There is no three-dimensional information embedded in coordinates. 

3.4.2 Units 

All coordinates are measured in Microns (flM), and expressed as floating numbers. 
Wherever possible, resolution of 0.1 nM (=0.0001 fiM) should be provided. 

3.4.3 Frames of Reference 

A single Product Diagnostic Profile contains the following frames of reference: 

1. Product Coordinates - This is "parenf frame of reference, expressing physical 
coordiaates on the reticle set. Each PDP defmes a single product coordioate 
system, as ftirther described below. 

2. Die Coordinates - For each die (or non-die) object all location data must be 
expressed in a single coordinate system, called Die Coordinates. 

Coordinate Transformations: 

1 . Each Product will contain a transformation matrix D for each of its daughter 
dies and non-dies that will speciiy a rotation and/or mirroring transformation. 



In addition, each product will also contain an offset vector for each instance of 
each daughter die and nonrdie, that will provide the location of the origin of 
die coordinates for the particular instance. Taken together: 



Where ^,1^ are product coordinates, D is a 2-by-2 matrix associated with 
the die, whose elements are {0,-l,+l},Xo and Yo are noitnegative values 
giving the location of the origin and associated with a particular instance of 
the die, andXrf, Yd are die coordinates. 

The Product Coordinate system must be a lower- left coordinate system, with the X axis 
increasing to the right, and the Y axis increasing to the top. Negative Product 
Coordinates are therefore illegal. Die coordinate systems can have an arbitrary 
orientfltion, but must all lie in the first quadrant of that system, i.e. only non-negative 
values of X,Y are allowed. 

Note 1: Product Coordinates are applicable to all mask levels. Special care should be 
noted when a specific mask has a unique mask-to-wafer reduction ratio associated with it. 
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Note 2: The limitation on elements of D being {0,-l,+l } implies that die coordinates can 
only be rotated in increments of 90 degrees, and/or mirrored. In other words, dies cannot 
be placed "diagpnally" on products. 

Note 3: A product contains a matrix D for each daugjhter die, however it contains an 
offset vector Xo,Yo for each instance of each die. 



3.5 Images 

The architecture allows the transfer of graphical descriptions of small patches of the 
layout, namely targets and sites. We refer to these as "images", and provide a very broad 
definition. Some of the applications will be using tiie images for visual reference only, as 
part of an interactive application, while others may perform automated imagp analysis 
and processing. 

• Images are used in targets and sites. 

• The maximum field of view for an image is 50 Micron in each axis. 

• The target/site should be located in the center of the FOV, whenever possible 

• The allowed image format will include standard graphics formats (TIFF, JPEG, BMP 
etc.), GDS II and MEBES. 

• The image will described by the following attributes: Image File Reference, Image 
Lower Left Comer die coordinates, Image Width & Height. 

4 Format 

Data will be transferred from EDA tools into Applied's Expedite application running on 
the production floor via a file-based interface. The set of files accompanying a reticle set 
entering the feb is referred to as the Product Diagnostic Profile (PDP). 

A major requirement is to enable diflFcrcnt EDA tools to generate different parts of the 
PDP, for example: An OPC tool may output sites for OPC metrology, and aii electiical 
verification tool may output site for matched transistor metrology. The format must 
therefore enable appending to an existing PDP in a flexible manner. On the other hand, 
all writers to the PDP must share some global variables describing the field geometry. To 
accommodate these requirements, the implementation will include two XML schemes: 

• Product Scheme - An object that will define the coordinate system, the mask set and 
the mapping of different dies to the field. There will be a single instance (i.e. single 
XML file) of this scheme, and its generation must be coordinated between the various 

EDA tools 

• Die Scheme - An object that will define all the remaining information, as described 
in this document. Multiple instances (i.e. multiple XML files) may exist, and the 
information from each will be appended by Applied's Expedite Application. 
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5 Data Objects 

5.1 Image 

Images are optional for sites and targets, as described in section 3.S. Each image is 

represented by the following structure: 

Isiagelnformatlon 

■ ImageFi leRef erence - A reference that allows selection of the appropriate 

image file 

" ImageliOwerLeftZ, InageLowerLef tY - Die coordinates of the image 
lower left comer 

■ ImageSlzeX, loiageSizeY - Width and Height of the image 

5.2 Product 

The product typically contains several instances of the same IC, and may even contain 
different ICs. Also, the produst typically contains structures not associated with any IC, 
such as alignment targets and blank areas for dicing (scribe lines). We refer to each 
unique IC design as a Die, and unique grouping of other features as a Non-Die. The 
product typically has mult^le instances of each die and non-die The Product structure 
will contain the following fields: 

• FieldSizeX, FieldSlzeY - The size of the field 

• ZfoskTable - A table that contains the set of all masks used in the process. Each 
entiy in the table contains: 

o M&sklndex - Starting from Mask 0, the first mask in the process 
o MaskName - A descriptive name for tlic mask 

• DieTable - A table that will specify for each die the following information (see 
Table 1 and Figure 2): 

o DielD - A unique integer identifier to the die. The set of all dies and non-dies 

must not have duplicates of this identifier, 
o DleName - An atbitraiy string containing the name of the integrated circuit (or 

some other descriptive name, in case of a non-die), 
o DieOrNonOis - Two- value Flag lu indicate a die (aclual IC) or uoihdie (some 

grouping of auxiliary structures, 
o DieCoordinatesConversionMatrix - The coordinate conversion matrix 

D, as described in section 3.4. 
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o DlelnstanceList - A list of 4 values for each instance of the die (or non- 
die): 

■ DieOriginZO, DleOriginYO - Location of the die coordinates 
origin, coiFespondiDg to the values XO, YO from section 3.4. 

■ DieSizeX, DleSlzeY - Size of the die. This is used for clipping all 
die coordinates to lie within the resulting rectangle. 
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FieldSizaX = 43400 
FieldSizeY = 33300 


Die 
ID 


Die Name 


Dl 

e 
/ 

No 
t 

Di 
e 


Die 
Coor. 
Convert 
Matrix 


DlelnstanceLlst 

(DleOrlglnZO , DleOrlglnYO , DleSlseX, DleSlzeY) 


1998 


Mem 
GB500 


Die 


[V ;i 


(100,100,18000,16500), (20000,100,18000,16500), 
(100,16700,18000,16500),(20000,16700,18000,16500) 


5112 


TectlCXY 


Die 


0 1 


(3 6300, 1 00,7000, 1 6500), (3 6300, 1 6700,7000, 1 6500), 


31 


Align 
Targets 


Not 
Die 




( 1 8 125,1 00,50,8000), (18125,1 8200,50,8000) 



Table 1 - Example of a product containing two ICs and one non-die. In this example, 
the field contains four instances of one IC, two instances of a second IC and two 
instances of a taiget area located within the scribe-line. Note that no assumptions are 
made on regularity of the field, and in this example the field is rectangular rather than 
square, and the vertical scribe-lines are not evenly spaced. 

















1 









I 
I 



Figure 2 - A graphic representation of the field depicted in the example in Table 1. 

Each shading pattern represents a different die, showing four instances of one IC, two 
instances of a second IC, and two instances of a scribe line test area. The drawing is not 
to scale, in order to enable visualization of the scribe lines. 
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5.3 Die (and Non-Die) 

The die (or non-die) attributes are contained in the parent product object. The die object 
does not contain any additional attributes. 

5A Mask 

The Mask objects contains two attributes: Hasklndex, MaskName. They must 
match an existing entry in MaskTable, see section 5.1. 

5.5 Alignment Target 

Alignment targets are targets that are needed to align various process and metrology tools 
that are location dependent (e.g. stepper/scanner, defect inspection). The information 
provided by the alignment targets will be the following (see Error! Reference source 
not found.): 

• TargetType- Allowed Types are 
o Stepper 

o Overlay 
o Comer LL 
o Comer UL 
o Comer UR 
o Comer LR 
o User defined 

• Targe tJTame - A string containing a descriptive name 

• Targe tLocatlonX, TargetLocatlonY - Coordinates of the target. Should 

be close to the center of a tightly bounding rectangle. 

• Targelmagelnformatlon (Optional) - An Imagelnf ormation structure 



5.6 Special structures 

TBD 
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5.7 Regions 

The Region object provides infonnation derived from multiple segmentations of the die. 
Each Segmentation Scheme is based on a single geometrical or functional property, and 
results in a list of sections, as described below. For example, one segmentation scheme 
is according to the pitch of the region, and another segmentation scheme is according to 
the redundancy built into the region. Each segmentation scheme results in a list of 
Sections. 

The set of segmentation schemes is given in Figure 3. 




Figure 3 - Segmentation Schemes 
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5.7.1 Description 

Each Section in the Segmentation Scheme will have its own Section data according to the 
Section's characteristics. The Sections within the same Segmentation Scheme are 
mutually exclusive (not overlapping) zones that cover part or all of the die (or non-die). 
Each Section is a unification of mutually exclusive (not overlapping) rectangles, sharing 
the same value for the selection criterion of the parent Segmentation Scheme (see 
example in Figure 4). 



Figure 4 - Example for segmentation of a die according to Segmentation Scheme 3 - 
Function. The values for the FuncHon attribute are user-defined. Section 1 is the union 
of rectangles defined to have Function "Logic 1", and Sections 2-4 are defined similarly. 

Each Section data structure contains data related to the Section's Segmentation Scheme. 
A single structure will be used for all sections. However, each Segmentation Scheme 
will be associated with a subset of mandatory fields, as specified in Table 2, and other 
fields are optional. 

• RectangleList - This is a list of rectangles that describes the zones belonging to 
the specific Section. 

• Funotlon The device functionality (Cell Array, Column Decoder, Row Decoder, 
Redundancy Circuit, Logic, JTEG, Unknown, etc.). 

• ExactPerlodicity 

o Major Period 
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o Major Orientation as measured in lower-left coordinate system from X axis, 
o Minor Period (comment: Minor orientation is perpendicular to major 
orientation) 

• GeometryType - (Lines vertical, Lines horizontal, Lines Manhattan, Lines X, 
holes, islands, etc.)- 

• Random (No = good for cell to cell). 

• Redundancy - The minimum number of defected features that will kill the die 

(especially in memory cell). 

• PitchDistribution 

o PattemWidthDistributionX - The vector that will specify the 
probability for each pattern width. 

o PatternWidthSlstributlonY - The vector that will specify the 
probability for each pattern width. 

o SpaceW±dthDistributionX - The vector that will specify the 
probability for each space width. 

o SpaceWidthDistributionY - The vector that will specify the 
probability for each space width. 

o PeriodDistributlonX- The vector that will specify the probability 
for each period width. 

o PeriodDistributionY- The vector that will specify the probability 
for each period width. 

• UserComment - String 

Note 1: The number of Sections under a single parent Segmentation Scheme cannot 
exceed SO. 

Note 2: The size of any single section will be at least 2500 n^M. 
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Field 
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Pitch 


Criticality 


Function 


Redundancy 


User 
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Rectangle List 
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X 
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X 
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X 


Device function 








X 






Section periodicity 


X 












Geometrical type 


X 


X 










Random 














Redundancy 










X 




Analysis orientation 














Pattem/Space/Period 
distribution 


X 


X 










User Comment 















Table 2 - Mandatory fields for the different Segmentation Schemes. Note that the 
only data mandatoiy for all segmentation types is Rectangle List. 



5.7.2 Exact Period 

In an exact period section all the structures are repetitive with this spatial period (starting 
from each location in this section if we move in steps of the period we will be exactly at 
the same structure). High resolution images (e.g. SEM images) taken on the wafer at 
multiples of the period can be overlaid for an exact match. The section period is the 
smallest period that can represent it. If the section contains multiple rectangles, they all 
share the same period and a single identical repeating structure. An alternative 
formalization of this requirement is that a single patch of image can be used as a "golden" 
reference for comparison with any patch of the section. 

The most unportant sections are sections with periods in the of range 2 to 40 microns 
(MM). 

5.7.3 Pitch 

Pitch sections are defined by characteristic period in their spatial structure. Unlike Exact 
Period Sections (see 5.7.2), they do not contain exact replicas of a basic structure, and 
may have extensive variability in the design. 
Details are TBD. 



5.7.4 Function 

A section will be defined according to its functionality, as extracted from the die floor 
plan. A master list of functions is TBD, which will include such entries as: 

• SRAM Array 

• DRAMAiray 

• Flash Array 

• Column Decoder 

• Row Decoder 

• Redundancy Circuit 
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• Logic 

• JTEG 

• Line Drivers 

• Parallel Bus 

• Analog Amp 

• RFAmp 

• User Defined String 

5.7.5 Criticality 

This segmentation scheme will be related to the sensitivity of the section to defects. 
Generally, a section will have higjier criticality if it is more susceptible to malfunction 
due to defects, for a given defect size range. Exact defmition is TBD. 

5.7.6 Redundancy 

A section with redundancy N is defined as section whrae at least N features miist be 
defective in order to induce a possible die failure. This relates to memory cell sections 
with built-in redundancy, as well as other redundant cucuits. 

5.7.7 User-Defined 

A string containing a user defined fimction. 

5.8 Sites 

Sites are specific locations (i.e. X,Y coordinates) where specific measurements and/or 
requirements are made by the designers. They can reflect fimctional, manufacturability 
or other aspects, and provide designers with a direct link to process monitoring, allowing 
them to specify what are the critical locations for measurement and the acceptable 
tolerances. A single Site is defined as a set of point locations, each with an optional 
image, and a single set of metrology attributes for all locations. 

5.8.1 Site General Information 

Each Site structure contains the following information: 

• SiteTable - A table that describes the pre-defined locations for measurements and 
inspection. The sites may be divided into pre-defined groups. Each group is a set of 
devices that should match each other (e.g. matched transistors). The collection of the 
locations of these devices will be placed in the same column (CompareNian). The 
different recurrences of tlie same device on the same die aie giouped in the raw 
(LocatlonMuBi) (see Table 3). 

• DeviceType - The type of the feature that should be monitored. A device type can 
be one of the following: 



o Gate 
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o Assist 

o User Defined 

Moni torType - The monitoring method that will be applied on the device: 
o Process Inspection 
o Width 



o Minimum Distance (between devices) 
o Maximum Distance (between devices) 
o 3D Profile 
o Matched width 

• MonltorlngSpec - It describes the required specification for the measurement. 
The MonitoringSpec will have the following fields: 

o Min - The minimum accepted 
o Max - The maximum accepted 
o Std Dev - The accepted Std Dev 

• MonitoringMotivation - The motivation for monitoring this device. It can 

have the following values: 

o Circuit Critical Timing 

o Circuit Matched Transistors 

o Circuit Matched Resistors 

o Marginal to Design Rule 

o Dense Layout 

o Isolated Feature 

o OPC issue 

o HighMEEF 

o Process Dishing & Erosion 

o Process Step Coverage 

o User Defined 

• MeasurementSpec 

o Direction - The required measurement direction 
o Measurement Comment - user-defined string 
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• Additionallnfo - User-defined string. 





Location 
1 


Location 
2 


Location 
3 


Location 
4 


Compare 1 


x,y 


x,y 


x,y 


x,y 


Compare 2 


x,y 


x,y 


x,v 


x,y 


Compare 3 


x,v 


x,y 


x,Y 


x,y 


Compare 4 


x,v 


x,Y 


x,Y 


x,v 



Table 3 Site Squares Table example 
5.8.2 Site Images 

• Targelmagelnformation (Optional) - An Ixoagelnfomiatlon structure 
that describes the device that needs to be monitored. 

• Locatlonic -A combination of (ContpareNuiA/ LocationNum) . 

• ImageList - Each Image will have the relevant LocationlD. 



Image Number 


l^6V 
(Micron) 


Location IDs 

(Compare Num, Location 
Num) 


Site image 1 


50 


(1.1). (3.3). (3.2) 


Site image 2 


40 


(1,2), (3,2), (3,2) 


Site image 3 


40 


(1.3). (3.1). 



Table 4 Site Image information 



6 Format 

Data will be transferred from EDA tools into Applied' s Expedite application running on 
the production floor via a file-based interface. The set of files accompanying a reticle set 
entering the fab is referred to as the Product Diagnostic Profile (PDP). 

A major requirement is to enable different EDA tools to generate different parts of the 
PDP, for example: An OPC tool may ou^ut sites for OPC metrology, and an electrical 
verification tool may output site for matched transistor metrology. The format must 
therefore enable appending to an existing PDP in a flexible manner. On the other hand, 
all writers to the PDP must share some global vaiiablcs describing the field geometry. To 
accommodate these requirements, the implementation will include two XML schemes: 

• Product Scheme - An object that will define the coordinate system, the mask set and 
the mapping of different dies to the field. There will be a single instance (i.e. single 
XML file) of this scheme, and its generation must be coordinated between the various 
EDA tools 
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• Die Scheme - An object that will define all the remaining infonnation, as described 
in this document. Miiltiple instances (i.e. multiple XML files) may exist, and the 
infonnation from each wiU be appended by Applied's Expedite Application. 

7 Appendix A - Fab configuration 

The Fab configuration contains additional infonnation that will be provided to the 
Expedite Application externally, and not via the EDA infonnation. This will include: 

• MasKHagni £ication The magnification of the mask 

• StepperStepsZ, StepperStepsY - The stepper steps in X and Y directions. 

• WaferCenter2FleldOffsetX, WaferCenter2FieldO£fsetY- The 

location of the first field relatively to the wafer center. 
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